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SUMMARY 
A method of gene ra t ing  a plasma by combined e lectr ical  and 
laser  hea t ing  has  been developed. An arc ,  formed between t w o  
needle  e l e c t r o d e s  heated t h e  helium g a s  t o  an e l e c t r o n  temperature  
of 1 0  t o  20  eV.  A t  t h i s  tempera ture ,  t h e  helium w a s  p a r t i a l l y  
ion ized .  The pre- ionized helium w a s  f u r t h e r  hea ted  by a focused 
laser beam. With a laser power of 15 t o  25 MW g i v i n g  a power 
d e n s i t y  of 3 t o  5 x 1O1O W/cm2 a t  t h e  focus ,  t h e  helium temper- 
a t u r e  w a s  i nc reased  t o  26 t o  42 e V .  T i m e  r e so lved  s p e c t r a l  tech-  
niques ( ref .  1) w e r e  used t o  measure t h e  tempera ture  of the gas .  
INTRODUCTION 
A method of gene ra t ing  high energy d e n s i t y  plasmas by 
e l e c t r i c a l l y  hea t ing  H e  g a s ,  which w a s  t hen  f u r t h e r  hea ted  by a 
focused laser beam, has  been developed. The e lectr ical  pre-  
hea t ing  e s t a b l i s h e d  a high d e n s i t y  of  f r e e  e l e c t r o n s  i n  t h e  
plasma, which absorbed laser l i g h t .  Th i s  e lec t r ica l  p rehea t ing  
arrangement has t h e  advantage over laser  hea t ing  of co ld  g a s  
t a r g e t s ,  of e f f i c i e n t  laser  hea t ing .  Therefore ,  on ly  a s m a l l ,  
low powered laser  i s  r equ i r ed .  
The o b j e c t i v e  of t h i s  s tudy  w a s  t o  develop a high temperature  
H e  t e s t  gas  f o r  s p e c t r a l  and o t h e r  plasma d i a g n o s t i c  measurements. 
DESCRIPTION O F  THE EXPERIMENT 
I n  t h i s  experiment,  t w o  energy sources ,  a c a p a c i t o r  s t o r i n g  
e lectr ical  energy, and a Q-switched ruby laser w e r e  used t o  h e a t  
helium g a s  t o  high temperatures  f o r  plasma d i a g n o s t i c  s t u d i e s .  
The e lec t r ica l  d i scha rge  f i r s t  hea ted  t h e  g a s  between t w o  needle- 
shaped e l e c t r o d e s .  When 2.5 J of  e l e c t r i c a l  energy w e r e  depos i t ed  
i n  helium, it w a s  heated t o  a k i n e t i c  e l e c t r o n  temperature  of 
about LO e V .  When t h e  arc c u r r e n t  reached a maximum, a ruby laser 
beam, focused on t h e  arc ,  f u r t h e r  heated t h e  helium g a s ,  r e s u l t i n g  
i n  tempera tures  of 26 t o  42 e V .  
A schematic diagram of t h e  experiment i s  shown i n  F igure  1. 
The e lec t r ica l  arc used tungs ten  e l e c t r o d e s  wi th  t h e  t i p s  
s epa ra t ed  500 p. The average t i p  r a d i u s  w a s  25 1-1. The a r c  tube  
w a s  f i l l e d  wi th  H e  gas ;  t h e  ambient gas  p r e s s u r e  w a s  700  t o r r .  
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Figure 1.- Schematic diagram of l a s e r  hea t ing  experiment 
An arc w a s  genera ted  when t h e  c a p a c i t o r  ( .05 p F )  w a s  
connected a c r o s s  t h e  e l e c t r o d e s  by a t r i g g e r e d  a i r  gap s w i t c h .  
The c a p a c i t o r  s t o r e d  1 0  J of  energy a t  a p o t e n t i a l  of 20 kV. 
The d i scha rge  frequency w a s  1 MHz. The i n i t i a l  arc d iameter ,  
nidway between e l e c t r o d e s  was 1 mm, and expanded t o  a d iameter  
of  3 mm a t  peak c u r r e n t .  
The a r c  w a s  hea ted  by a ruby laser ( 6 9 4 3  i) having a 15-ns 
pu l se ;  t h e  peak power w a s  25 MW. T r igge r  c i r c u i t s  f i r e d  t h e  
l a s e r  a t  any p r e s e t  t i m e  r e l a t i v e  t o  t h e  e lec t r ica l  d i scha rge .  
The maximum t i m e  j i t t e r  was _+ 1 0  ns .  
I n  t h e  e lec t r ica l  h e a t i n g  c i r c u i t ,  c u r r e n t  through and 
vo l t age  a c r o s s  t h e  arc w e r e  monitored. The i n c i d e n t  and t r a n s -  
m i t t e d  laser l i g h t  w a s  monitored w i t h  1.5-ns r e s o l u t i o n .  A 
Beckmann and Whitley Model 200  s t reak-framing camera w a s  used 
t o  observe r a d i a l  motion of  i on ized  helium i n  t h e  arc.  T i m e  
r e s o l u t i o n  of t h e  s t r e a k  camera was 20 ns .  
A SPEX Model 1 7 0 0  spec t rograph  w a s  used t o  observe t h e  
s p e c t r a l  d i s t r i b u t i o n  of  e m i t t e d  r a d i a t i o n .  The e l e c t r o n  
temperature  of  t h e  plasma was deduced from t h e s e  measurements. 
EXPERIMENTAL RESULTS 
F igure  2 i s  a s t r e a k  p i c t u r e  which shows t h e  expansion of  
e l e c t r i c a l l y  hea ted  he l ium midway between e l e c t r o d e s .  I t  
expanded t o  a diameter  of 3 mm i n  1 0 0  n s .  
When t h e  c u r r e n t  through t h e  a r c  reached i t s  maximum, t h e  
Q-switch w a s  t r i g g e r e d ,  r e s u l t i n g  i n  a l aser  l i g h t  p u l s e  
i n c i d e n t  upon t h e  ion ized  he l ium.  S i n c e  t h e  helium w a s  i o n i z e d ,  
much of t h e  l i g h t  was absorbed, t h u s  f u r t h e r  hea t ing  t h e  
hel ium plasma. 
The mechanisms by which laser l i g h t  w a s  absorbed have not 
been p o s i t i v e l y  e s t a b l i s h e d ,  b u t  a l i k e l y  mechanism i s  t h e  
" i n v e r s e  bremsstrahlung e f f e c t "  ( re f .  2 ) .  For t h i s  energy 
abso rb t ion  mechanism, t h e  q u a n t i t y  of l i g h t  absorbed depends 
upon t h e  d e n s i t y  of free e l e c t r o n s  i n  t h e  t a r g e t .  
F igure  3 shows t h e  r e s u l t s  of measuring t h e  laser l i g h t  
absorbed i n  t h e  t r a n s i e n t  arc  source.  The pe rcen t  of i n c i d e n t  
l a s e r  l i g h t  i s  p l o t t e d  a g a i n s t  t h e  ambient helium g a s  p r e s s u r e .  
A s  i n d i c a t e d  i n  t h e  f i g u r e ,  t h e  t a r g e t  becomes more t r a n s p a r e n t  
f o r  helium p r e s s u r e s  below 300 t o r r .  The pe rcen t  of laser l i g h t  
absorbed i s  almost  c o n s t a n t  f o r  ambient g a s  p r e s s u r e s  above 
400  t o r r .  
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Figure  2.- S t r e a k  p i c t u r e  showing plasma expansion 
due t o  e lectr ical  hea t ing  
F igu res  4 and 5 show s t reak p i c t u r e s  taken dur ing  l a s e r  
hea t ing .  The ambient helium p r e s s u r e  f o r  t h e  p i c t u r e  shown i n  
F igu re  4 w a s  1 6 0  t o r r .  The d i r e c t i o n  of t h e  i n c i d e n t  laser 
l i g h t  i s  i n d i c a t e d  i n  t h e  f i g u r e .  The l a s e r  l i g h t  was absorbed 
throughout t h e  expanding plasma. 
F igu re  5 shows laser hea t ing  of an arc occur r ing  i n  helium 
having an ambient p r e s s u r e  of  4 0 0  t o r r .  
t h e  laser hea t ing  occurred  on t h e  s i d e  of t h e  helium plasma 
corresponding t o  t h e  i n c i d e n t  laser l i g h t .  
The s t r e a k  p i c t u r e  shown i n  
I n  t h i s  case, m o s t  of 
The k i n e t i c  e l e c t r o n  temperature  of  t h e  plasma i n  t h e  
t r a n s i e n t  arc was measured wi th  and wi thout  laser hea t ing .  The 
r e s u l t s  are shown i n  Table I .  The s t o r e d  energy f o r  t h e  elec- 
t r i c a l  d i scha rge  w a s  2 . 5  J .  The average laser hea t ing  power 
f o r  each of  f o u r  s h o t s  i s  g iven  i n  t h e  f i r s t  column. The 
e s t ima ted  power d e n s i t y  i n  t h e  focused laser beam i s  g iven  i n  
t h e  second column. The electron tempera ture ,  T l ,  of t h e  arc  
a t  t h e  i n s t a n t  of t i m e  when t h e  laser w a s  f i r e d  i s  shown i n  
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Figure  3 . -  Absorbt ion of laser l i g h t  i n  t h e  helium arc 
TABLE I.- LASER HEATING OF P R E - I O N I Z E D  TARGET 
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The temperature  due t o  e lec t r ica l  hea t ing  a lone  v a r i e d  from 
1 0  t o  15  e V .  This  t e m  e r a t u r e  w a s  determined by t h e  i n t e n s i t y  
r a t i o  of  t h e  H e 1  4686-1 l i n e  t o  background continuum technique 
( r e f .  1). The f o u r t h  column g i v e s  t h e  peak e l e c t r o n  tempera- 
t u r e ,  T 2 ,  a t t a i n e d  due t o  laser hea t ing .  The temperature  measure- 
ments w e r e  made us ing  t h e  i n t e n s i t y o r a t i o  of t h e  s p e c t r a l  l i n e s  
( r e f .  1) H e 1  ( 4 9 2 2  A )  t o  H e 1  (4713 A ) .  
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Figure  4.- St reak  p i c t u r e  showing laser hea t ing  
of  H e  a t  low p r e s s u r e  
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Figure  5.-  S t r eak  p i c t u r e  showing e f f e c t s  
of l a s e r  hea t ing  of H e  ( 4 0 0  t o r r )  
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